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Particulate Reflective Elements and- method for 
forming the same 



We^ The Mearl Corporation^ a corpora- 
tion organised under the laws of the State of 
New Jersey, United States of America of 217 
North Highland Avenue, Ossining, State of 
New York, United States of America, do 
hereby declare the invention, for which we 
pray that a patent may be granted to ns, and 
the method by which it is to be performed, 
to be particularly described in and by the 
following statement: — 

The present invention pertains to particulate 
reflective elements. More particularly, the 
invention relates to nacreous pigments having 
as nacre- and, if desired, color-producing com- 
ponents high refractive index metal sulfide 
layers. 

In the following specification all parts and 
percentages are given by weight, unless other- 
wise indicated. 

"Particulate reflective elements" are par- 
ticles having relatively small dimensions of 
up to 10 millimeters, such as mica flakes, glass 
platelets^ glass spheres, plastics particles, and 
lacquer- or resin- coated particles. 

"Nacreoxis pigments" are substances which 
produce a pearly luster. The pigment particles 
are platelets, at least parts of which consist 
of substances of high refractive index. Such 
pearlescent pigments may .be applied as surface 
coatings, as in simulated pearls, or may be 
incorporated in plastics, as in plastic pearl 
buttons. In general,, a pearly or mother of 
pearl-like appearance can be obtained when- 
ever the platelets are incorporated in a sufiGi- 
ciently transparent film or other body. 

The earliest nacreous pigment, natural 
Pearl Essence, contained plate-like crystals of 
guanine obtained from fish scales and other 
fish tissues. Early synthetic nacreoia pigments 
were composed of basic lead carbonate, lead 
hydrogen phosphate, lead hydrogen arsenate^ 



or bismuth oxychloride, ail of w^hich have 
relatively high refractive indices and are 
crystallizable in the form of platelets. Recently, 
more complex types of nacreous pigments have 
been developed. One such pigment is disclosed 
in Specification No. 992805. This pigment 
consists of platelets in which a Jayer of low 
refractive index, such as magnesium fluoride, 
is sandwiched between two layers of high 
refractive index, such as zinc sulfide. Another 
recently described complex nacreous pigment 
consists of coatings of titaniimi or zirconium 
oxide deposited upon transparent, lower refrac- 
tive index particles. 

If^ as pointed out more fully hereinaftera . 
the platelets of either the simple or complex 
types of nacreous pigment are provided in a 
particular range of thicknesses, and if the 
platelet thickness is sufficiently uniform, the 
nacreous pigment imparts color by light inter- 
ference phenomena, as well as pearly luster to 
the object in or on which it is used. The color 
characteristics are unusual in that one color 
is seen by reflected and the complementary 
color by transmitted light. Such interference 
colored nacreous pigments are therefore cap- 
able of producing a color play which is not 
obtained with conventional colored pigments, 
where the color is produced by the absorption 
of certain wavelengths of light. 

The sandwich type of nacreous pigment 
described in the appficarion referred to herein- 
above is produced by a vacuum evaporation 
procedure requiring the installation of rela- 
tively elaborate and costly process equipment. 
The preparation of the supported titanium or 
zirconium oxide pigments involves the use of 
less elaborate equipment, the pigments being 
formed by deposition from solution. Such pro- 
cedure is disadvantageous, however, in that the 
titanium dioxide coating, for example, must 
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be caidned at an elevated temperature in 
order to produce, a chemically stable film. 
. Crystallization of the TiO^ coating during the 
rflfri-ning operatioii leads to the formation of 
5 very tiny, microscopic crystallites which impair 
the smoothness and regularity the coating. 
Thus, the pearl lustre and the color intensity 
(in those cases in which the coating is of inter- 
ference film thickness) are decreased con- 
10 siderably from That which would be obtained 
with an ideal, smooth coating. The rhiticer 
the coating, die greater the loss of quality 
which may dius result. 

We have found that nacreous pigments or 
15 other reflective elements may be provided by 
depositing zinc or other metal sulfides on 
particulate substrates at atmospheric pressure, 
without necessitating the use of the special 
equipment required for the vacuum evapora- 
20 tion procedure. Furthermore, the sulfide coat- 
ings thus obtained possess remarkably uniform 
thicknesses and :are free of imperfectionSj even 
after heating operations. Also, such zinc sulfide 
coatings produce a degree of pearl brilliance 
25 and, when deposited in interference film 
thicknesses, color intensities not attainable 
with f)Teviously known coated titanium or 
zirconium ojcide pigments. 

There has been a need to provide such a 
30 nacreous pigment, and other particulate reflec- 
tive elements, having iiigh refractive index 
light stable sulfide coatings formed on par- 
ticulate substrates, which coatings impart 
superior brilliance and, in die case of inter- 
35 ference-cqlored elements, provide color intensi- 
ties heretofore unavailable. There has also 
been a need to provide such reflective elements 
which may, if desired, be made luminescent. 
Also, there has been a need to provide a 
40 process for die preparation of such elements, 
which is both relatively simple and economical 
to perform and which facilitates the produc- 
tion of products having improved light stability 
and exhibiting superior uniformity of light 
45 transmission and reflection characteristics. 

According to the present invention],- there is 
provided a particulate reflective element com- 
prising individual particles having maximum 
dimensions up to 10 millimeters and having 
50 -high reflectivity and a nacreous lustre, wherein 
each larticle includes a substrate -which is 
constimted of mica, glass, pisistic, or a lacquer 
or resin-coated substance, said substrate hav- 
ing deposited thereon at least one layer of a 
55 water-insoluble metal sulfide, said layer having 
an optical thickness Nd from 40 to 1,000 
millimicrons, wherein "N" is the index of 
refraction of said layer and "d" is the thick- 
ness thereof, and said particles having maxi- 
60 Trmm dimensions up to 10 mm. 

There is also provided a process for piepar- 
ing a particulate reflective clement compris- 
ing individual particles having maximum 
dimensions up to 10 millimeters, which com- 
65 prises : 



a) suspending smooth, plate-like supporting 
substrates for said partides in an aqueous 
solution containing (i) a water-soluble 
salt of a metal having a water-insoluble 
sulfide and (2) an organic sulfur-con- 70 
taining cumpound vmicii releases si^de 
ions in aqueous media^ in an aqueous 
dispersion, said substrates being consri- 
tined of mica, glass, plastic* or a lacquer- 
or resin-coated substance; 75 

b) heating the resulting reaction mixture 
at temperatures of from 60°C. to the 
boiHng poii^ of the mixture for a period 
of from 1/4 to 5 hours, with agitation, 
to produce a sulfide coating on said go 
substrate particles while maintaining the 
same in suspension; 

c) separating the reflective particles thereby ' " 
produced from said' suspension; 

d) drying said particles to produce a light 85 
stable, reflective material 

Preferably, the dry particulate reflective 
materials are heated at temperatures of from 
200° to 1,000°C. for periods of from 1 to 4 
hours to increase their light stability. 

A preferred embodiment of the invention 
also provides a nacreous pigment constituted 
of particulate platelets * having maximum 
dimensions of from 3 to 100 microns and sub- 
stantially smooth surfaces, each of said plate- 95 
lets including a mica substrate and a pair of 
high refractive index layers formed on the 
opposite faces of said substrate constimted of 
a water-insoluble metal sulfide, said ' layers 
having substantially uniform optical thick- 200 
nesses Nd of from 40 to 1,000 millimicrons, 
wherein 'TST" is the index of refraction of the 
layer and "d" is the thickness thereof. 

In the following detailed description, the 
invention is principally explained witii refer- i05 
ence to tie production of nacreous pigments. 
It win, however, be understood that the pre- 
paration of other particuiare reflective elements 
bearing the high refractive index stable sulfide 
coatings hereof and having: maximum dimen- no 
sions of up to 10' millimeters . is within the 
scope of the present invention- 

The nacreous pigment produced in accor- 
dance with the invention possesses a substan- 
tially uniform, imperfection-free sulfide coat- 115 
ing which produces outstanding pesarl brilliance 
and when deposited in interference film thick- 
nesses, provides color intensities unmatched 
by previously known complex nacreous pig- 
ments. Moreover, by heating the precipitated 120 
sulfide coating, as indicated hereinabove^ the 
nacreous layer is converted to a form provid- 
ing markedly superior Hght stability charac- 
teristics, as compared, for example, witii the 
complex titanium or zirconium oxide pig- 125 ' 
mems discussed above. 

Additionally, it iias been found that the 
sulfide coated nacreous pigments hereof may 
be provided in interference film thidmesses 
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displaying higher order interference colors 
(which have the tinusuai optical effects de- 
scribed hereinafter) hy a single deposition of 
the sulfide coating. When, on the other hand, 
.5 it is desired to produce such higher order 
interference fihns employing complex titanium 
dioride nacreous pigments, it is necessary to 
utilize a multiple coating technique. 

It is preferred to employ a zinc sulfide 

10 coated nacreous pigment in the practice of 
the present invention. Zinc sulfide is substan- 
tially colorless and does not^ therefore, impart 
any inherent absorption color to the product 
pigment. Also, the color of such pigment is, 

15 in the case of interference thickness sulfide 
coatings, entirely attributable to interference 
effects unlesSj of course, the pigment substrate 
has an inherent absorption color. Moreover, 
the zinc sulfide containing pignsient provides 

20 excellent lig^t stability and may, if desired, 
be so prepared as to provide a limiinescent 
nacreous pigment. 

It isj, however, possible to form nacreous 
pigments in- accordance with die invention 

25 incorporating other metallic water-insoluble 
sulfides^, by reacting water-soluble salts or 
complexes of such metals with organic sulfur 
containing compounds. The sulfides of cobalt, 
lead, mercury, manganese, cadniiinn, arsenic, 

30 antimony, nickel, iron, copper, bismuth or tin 
may, for example, be so employed. When, as 
indicated above the sulfide coating comprises 
zinc sulfide, the colors displayed by the coat- 
ing are entirely attributable to interference 

35 effeas. With other sulfides, the colors are a 
combination of interference colors and the 
inherent absorption color of the particular 
sulfide. An SnS^ coating, for example, of 
such thickness as to have a red interference 

40 reflection color appears red when seen at some 
angles and yellow when seen at other angles. 
An NiS coating of a thickness which produces 
green reflection appears green at some angles 
and black at other angles. Accordingly, while 

45 the following description is principally directed 
to the formation of a zinc sulfide coated 
nacreous pigment, in accordance with a pre- 
ferred form of the invention, it will be under- 
stood' that the invention includes within its 

50 scope the production of nacreous pigments or 
other particulate reflective elements incorpor- 
ating other high refractive index, water^ 
iQSolubie metal sulfide coatings as specified 
hereinabove. 

55 The thin sulfide coated pigment particles 
possess the characteristics of nacreous pig- 
ments displaying, in the case of zinc sulfide, 
a bhiish or whitish reflection when the zinc 
sulfide layer has a thickness of from 20 to. 



60 m//A. When the thin fihn or layer of zinc 60 
sulfide is slightly thicker the rays reflected 
from its opposite surfaces imy interact^ result- 
ing in the reinforcement or destruction of 
light of certain wavelengths^ the pigment par- 
ticles thus appearing colored when they are 65 
illuminated with white light. 

Destructive interference of a given wave- 
length occurs if the reflections from the two 
surfaces of the film are completely out of 
phase. This occuis, for light perpendicularly 70 
incident on the film, for wavelengths A when 

Nd =.(n-l) V? (1) 

where . 

*N" is the index of refraction of the film 
"d" is its thickness, and 75 
"n" is a small integer, e.g., 1, 2, 3, etc. 
If the incident light is monochromatic and 
of wavelength this weU-known equation 
predicts that there would be no reflection at 
all. If, on the other hand, the fil-m is illumin- 80 
ated by white light, all wavelengths except A 
appear in the reflection. 

Reinforcement of a given wavelength occurs 
if the reflections from the two surfaces of the 
fihn are in phase with one ano±er. For light 85 
perpendicularly incident on the film, this 
ocajrs when 

Nd = (2n ^ 1) X/4 (2j 

the terms being defined as above. 
- ^ . The index of refraction N for zinc sulfide 90 
is about 2.3. The smallest fihn thickness which 
can produce color by destructive interference 
is that which will cause the shortest wave- 
length in the visible spectrum, i.e., violet blue, 
to be eliminated from the reflected light. 95 
Taking X for light of this color as 400 xd;u 
the thickness of the film necessary to produce 
this effect is approximately 87 mA. 

The resulting reflected light has the color 
complementary, to that which is eliminated 100 
from the reflection, or .yellow in the present 
instance. Thus, the thinnest film capable of 
producing a color by destructive interference 
has a yellow reflection color. Films which 
reflect red, violet, blue, and green are pro- 105 
gressively thicker. 

Beg innin g at violet, the reflection color which 
is produced by rhe elimination of a particular 
wavelength is enhanced by a reinforcement 
color in accordance with Equation (2). 110 

The approximate thicknesses of the zinc 
siilfide fihns necessary to produce nacreous 
pigments displaying various interference colors- 
are indicated in the following table: 
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Table I 

Optical Thicknesses of Zinc Sulfide-Conraining Nacreous Pigments 



Reflection 
Color 



Source 



Appros. Optical Apprcx. Thickness 
Thickness, Nd (my.) 
(mfi.) if N = 2.3 



Yellow Elimination of violet-blue- 200 

approx. 400 mfi 

Magenta Elimination of green, 260 

apprcx. 520 my. 

Fuxplt Elimination of yellow, 

590 my. 

Reinforcement of violet, 300 
400 

Blue Elimination of orange, 

610 mfi 

Reinforcement of blue, 

480 my 320 

Green Elimination or red, 

650 mfx 

Reinforcement of green, 

520 my. 360 

2nd Yellow Elimination^ of blue, 
440 m^ 

Reinforcement of yellow, 

590 ma 440 

2nd Red Elimination of blue-green, 

490 my 

Reinforcement of red, 

650 my. 490 

2nd Blue Elimination of yellow, 
575 mfi 

Reinforcement of blue, 

460 ma ' 575 

2nd Green Elimination of red, 
650 ma 

Reinforcement of green, 

520 mcx 650 



87 
113 

130 

139 
156 
191 

213 

250 

282- 



The descripdon second (2nd) yellow^ second 
(2nd) red, etc., is used herein to describe the 
second occurrence with increasing thickness of 
each of the colors, in preference to the terms 
"second order yellow", etc. The usual deiinition 
of higher order intereference colors by order 
ninul^ is not always consistent with the value 
of "n" in interference equations (1) and (2) 
above, "n" also occasionally being referred to 
as order. Hence, the nomenclature given above 
has been here used instead. 

Further increases in the thickness of the 
zinc sulfide layer, beyond tliat specified for 



the second green reflection, result in the pro- 
duction of third reflection colors. The inter- 
ference film displaying a third green has an 
approxirnate oprici thickness of 1,000 mit. 
Interference 5.1ms having greater optical tfaidu 
nesses do not possess the color intensity of 
the second and third colors and are relatively 
uneconomical to produce. 

The interference colors thus provided are 
dependent upon the angle of observation (the 
colors indicated in Table I being those dis- 
played at perpendicular incidence), the colors 
shifting to the wavelengths which correspond 



15 



20 



25 



U16,257 



•5 



to thinner films as the angle of incidence in- 
creases, i.e.j as the direction of the incident 
light departs from the normal to the surface. 
The fiist reflection colors show a moderate 

5 shift of wavelength with variation of the angle 
of observation; hence,, green goes to blue, blue 
to purple, magenta to orange, and gold to a 
pale yellow shade. The second colors^, on the 
other hand, display a much wider shift of the 

10 reflected wavelength^ second green changing 
to blue and then to purple with increasing 
angle of incidence^ second blue changing to 
purple and then to red, second red changing 
to greenish-gold, and second gold changing to 

15 bluish-green. By coating such nacreous pig- 
ments displaying higher interference colors on 
dark, curved surfaces it will be seen that 
remarkable irridescent effects can be achieved. 
Similar effects may also be attained by 

20 incorporating the second interference fllm pig- 
ments m plastics^ with the pigment particles 
oriented in non-planar patterns. 

The nacreous pigments hereof are prepared 
by depositing the zinc or other sulfide from 

25 an aqueous solution, using an organic sulfur- 
containing compound as the source of stilfide. 
It has been found that the conventional method 
of forming zinc sulfide by bubbling H2S gas 
throucgh a solution of a zinc salt is Wghly 

30 unsatisfactory as a procedure for coating the 
particulate substrates employed herein. The 
precipitation of zinc suffids with H2S results 
merely in the formation of distinct ZnS par- 
ticles, which show little or no tendency to 

35 coat and adhere to particulate material which 
may be present. It has been found, however, 
that a smooth, adherent fihn of ZnS may be 
deposited if the source of sulfide ions is an 
organic sulfur-containing compound such as 

40 thioacetamide, thiourea, thioglycollic acid, 
thioacetic acid, thioformamide, or thiosaEcylic 
add. . 

The source of zinc for the reaction is a 
zinc compound soluble in the aqueous mediuin, 

45 employed in an amount expressed as ZnO of 
from 0.25 to 7.5l%, preferably from 0.5 to 
3.51%. of the solution. Suitable soluble salts 
include zinc acetate, zinc chloride, zinc sulfate, 
zinc formate and zinc nitrate. Zinc oxide may 

50 also be used, and is more economical for coat- 
ing reactions carried out in strongly alkaline 
media. 

The concentration of sulfur compound 
generally depends on the zinc concentration. 

55 An equimolar ratio of sulfur to zinc is desir- 
able, but satisfactory results are obtained em- 
ploying molar proportions fi-om 0.5 to 3 moles 
sulfur per mole zinc. 
The particulate substrate 'ipon which the 

60 zinc or other sulfide coating is deposited, in 
accordance witii the invention, is preferably 
in the form of substantially smooth platelets 
having a major dimension of from 3 to 100 
microns, and preferably a thickness of from 

65 50 to 2,000 millimicrons. Preferabl^^ the sub- 



strate material comprises mica platelets which 
are desirably those of muscovite. Other types 
of mica platelets may however also be used, 
such as biotite, plogopite, vermiculite,. and 
various synthetic micas, especially those which 70 
resemble natural white mica. Tlie mica par- 
ticles preferably are of the "water ground" 
variety, of from 150 to 400 mesh, and having 
surface areas, as determined by the BET 
method, of from 2 to 6 square meters per 75 
gram. Particularly satisfacrory results have 
been obtained employing fractions which pass 
through 200, 325 or 400 mesh screens, and 
whidi are substantially free of very fine par- 
ticles, the mesh being in terms of number of 80 
openings _per linear inch. 

While it is preferred to utilize mica platelets 
for the pigment substrate, other particulate 
materials having the dimensions specified here- 
inabove may be employed in accordance with 85 
the . present invention. Hence, the nacreous 
pigment may also be formed by depositing the 
sulfide coating upon platelets constimted of 
glass or plastics. 

The adidity or alkalinity of the reaction 90 
mixtare is selected in accordance with the 
specific organic material utilized as the sulfide 
source. For example, when thioacetamide is 
so employed, the reaction is carried out in 
acidic solution, preferably within a range of 95 
from about pH 2.0 to 5.0, desirably from 3.5 . ' 
to* 4.5- The solution may be adjusted to the 
desured pH range, with, for example, formic 
add, hydrochloric acid, sulfuric aci(^ or nitric 
add. 

The deposition reaction is carried out by 
heating the aqueous mixture containing the 
zinc sal^ the organic sulfur-containing com- 
pound and the particulate substrate at devated 
temperatures of tfrom 60° C. to the boiling 105 
point of the aqueous system, for a period of 
from 1/4 to 5 hours. It will be understood 
that within the indicated ranges, longer 
reaction times are required when the reaction 
mixture -is heated at lower ternperatures. The .110 
mica or other substrate is maintained in sus- 
pension and the zinc sulfide coating deposited 
thereon In substantially amorphous form to 
produce the desired nacreous pigment. 

The pigment partides are thereafter separ- 115 
ated and dried, e.g., at 110=^ C. and, prefer- 
ably, heated at temperatures of from 200° C 
to 1,000° C The light stabihty of the sulfide- 
coated pigment which has been dried at 110° 
C. and not subjected -to a subsequent heating 120 
is markedly superior to the stability of. 
unheated titanium dioade complex nacreous 
pigments r^erred to hereinabove, the latter 
being subjected to severe chaUdng. 

Dearably, however, the sulfide- coating pg- 125 
ment is subjected, after drying^ to die heating 
at temperatures of from 200° to 1,000° C. 
in air or within an inert atmosphere. At the 
higher temperatures within the indicated range 
it is preferred to efiea the heat treatment in 130 
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nitrogen or other non-oxidizing gas^ e.g., 
helium, argon or carbon dioxide. 

It has been found that the heating increases 
the density of the sulfide coating, causing an 
5 increase in the refractive index thereof i^hich 
increases reflectivity and reduces the thidcncss 
of the filnij shifting the interference colois 
accordingly. Zinc sulfide coated platelets sid>- 
jected to such treatment retain their smooth 
10 surfaces whereas titanium dioxide coated pig- 
ments, for example, become somewhat rough- 
ened during the shnnl^age accompanying the 
heat treatment. Such roughening tends to 
reduce specular reflectance and increase light 
15 scattering. The avoidance of hght scattering 
from the coarcd platelets is of particular im- 
porance with coatings of inteiference thick- 
ness since smooth surfaces (which do not cause 
such scattering) provide maximum color in- 
20 tensity.. Heating the sulfide coated pigment at 
temperatures of 200*^ C. or higher thus 
markedly increases light stability without im- 
pairing the smoothness of tlie coating surfaces. 
Employing heat treatment temperatures of 
25 about 700° C or higher, it has been found 
that substantially total conversion of the amor- 
phous zinc sulfide coating lo its crystalline 
form (sphalerite) is effected. Tiiis increase in 
crysTaHinity further increases light sta!bility 
30 and has been found to produce a marked 
increase in refractive index and reflectivity of 
the pigment surfaces, unexpectedly without 
impairing the smoothness thereof. 

The following examples illustrate preferred 
35 embodiments of the method for forming the 
particulate reflective elements of the present 
invention ; 

Example 1 
Whiit Pearl Pigment 
40 Zinc acetate dihydrate (40 parts by weight) 
and thioacctamide (14 parts) were dissolved 
in 890 parts of water. To die solution were 
added 48 parts of mca flakes (water ground 
muscovite with a surface area, as determined 
45 by the BET method, of 4 square meters per 
gram). 

The suspension was brought to pH 4.0 with 
43 parts of formic add. The reaction mixture 
was thereafter heated to boiling with agita- 

50 tion to keep the mica well suspended, and 
refluxed for 90 minutes, after which the zinc, 
sulfide-coated mica was filtered, washed with 
water, and dried at 110^ C to produce a 
lustrous white pearl product 

55 Microscopic examination by refieaed light 
at 1,000 X magnification revealed a smooth 
and uniform zinc sulfide coating on the mica 
flakes. 



Lig^t stability of the resulting pigment was 
determined by coating pigment samples in a 
nitrocellulose lacquer employing a doctor blade 
device, and then subjecting the coatings to 
exposure. The coating formulation consisted 
of 4% of the coated flakes in a dear, un- 
stabilized cellulose lacquer of the following 
composition : 



•Nitrocellulose 15/20 second RS type 
Nnrocellnlose 30/40 second RS type 
Ethanol 

n-Butyl acetate 



3.a% 

5.5!% 
5.11% 
854% 

100.0% 



After exposure for 55 hours, the nitro- 
cellulose film had become slightly brown. . . 

Example 2 
Light Stabilized Pearl Pigment 
The dried flakes produced as described in 
Example 1 were heated for one hour at 300° 
C. in air. The light stability of the heated 
pigment was measured by making a 4'% sus- 
pension of the coated mica flakes in nitro- 
cellulose lacquer^ and making the suspension 
into, a sample which was tested for Hght 
stability as indicated in Example 1. Light 
stability was increased to 85 hours^ as com- 
pared with the 55 hour period evidenced by 
the pigment produced in accordance with 
Example 1. 



Example 3 
Light Stabilized Pearl Pigment 
A fiuther sample of the dried pigment 
produced in Example 1 was heated for one 
hour at 700° C. in nitrogen, and tested ^or 
light stability by the technique described above. 
The light stabolity was thereby increased to 
more than 100 hours. 

Examples 4 — 11 
Interference Colored Pigments 
The procedure of Example 1 was repeated, 
except that the ratio of mica to zinc salt was 
decreased in order to obtain thicker zinc sul- 
fide coatings which produced color by light 
interference phenomena. Several pigment 
samples were produced by reacting the zinc 
acetate dihydrate and thioacetamide in 890 
parts water, employing sufficient formic acid 
in each case to adjust the addity to pH 4. 

The reactant proportions utilized (in parts 
by weigjtt) to produce pigments displaying 
different interference colors are indicated in 
the following table: 
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Table II 

Interference Colored Zinc Sul£de-Mica Pigments 
A. Heactant Propordons Employed 



Example 


Aiica 


ZnC2H302-2H20 


Thioacetamide 


Formic Acid 


4 


35.5 


48.0 


16.5 


51.6 


5 


33.2 


49.7 


17.1 


53.5 


6 


26.2 


55.9 


19.2 


60.0 


7 


22.5 


57.7 


19.8 


62.0 


8 


21.2 


58.7 


20.2 


62.2 


9 


20.0 


60.0 


20.6 


64.5 


10 


16.0 


61.8 


21.2 


66.5 


11 


14.0 


63.7 


21.8 


68.5 





B. Characteristics of Product Pigments 




Example 


Reflection Color 


Approx. Nd 


Thickness for 
N = 2.1 


4 


gold 


200 my. 


Approx. 95 m\i 


5 


magenta 


260 m{jL 


Approx. 124 mft, 


6 


blue 


320 m(jt. 


Approx. 152 m{x 


7 


green 


360 m^t 


Approx. 171 m^ 


8 


2nd gold 


440 mji 


Approx. 210 mfi 


9 


2nd red 


490 m(jL 


Approx, 233 m^ 


10 


2nd blue 


575 m\L 


Approx. 274 m\L 


11 


2nd green 


650 mfx. 


Approx. 310 m(i 



The indicated colors were those displayed 
by die coated flakes when seen against a 
blade badcground. 

5 The pigment products were heated at 500° 
C. for 60 minutes, the heating impardng 
markedly improved light stability to the pig- 
ments and effecting no significant changes in 
"riieir colors. Examination of each of the pro- 

10 duct pigments by refleaion microscopy at 
1,000 X revealed that all the coatings thus 
formed were smooth and uniform and remained 
so even after heat treatment to improve light 
stability. 



Further heating at 700" C. in nitrogen 
caused a shift in color to that corresponding 
to a slightly thinner film, the coatings remain- 
ing smooth and nntform when examined by 
reflection microscopy at 1^000 X. 

Example 12 
Plural Interference Colored Pigments Pro- 
duced Dioring a Single Deposition Operation 
Since the: nacreous zinc sulfide coating on 
the substrate parades builds up dn a regular 
fashion, pigments of various colors may- be 
produced during the course of a single sulfide 
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deposition by periodically withdrawing pig- wididrawn afcer various time intervals. Hie 

merit samples before the run is completed. For flakes were dried at 110^ C. and made into 

this pmpose, rhe reactants of Example 11 nitrocellulose samples. The reflecdon colors of 

were i2Tjliztd in the precipiradon procedure the samples are indicated in the foHowiz^ 

5 of Example 1, ah'quot product pordons being table: 10 

Table III 

Pigmem: Samples Produced During Single ZnS Deposition 
Time after reaching Boiling Point Reflecdon Color 



35 mm. 


"white" 


42 mtn 


gold 


45 TTiin. 


red 


47 min. 


videt 


50 min. 


blue 


54 min. 


green 


56 min. 


2nd gold 


60 TTiin 


2nd red 


65 min. 


2nd blue 


76 min. 


2nd green 



Example 13 
Luminescent Nacreous Pigment 
500 pans of the dried product prepared in 
15 accordance with die procedure of Example 1 
were mixed with 2 parts NaCl and 0.0211 
part CuCIs. The mixture was heated to 850° 
C. in about one hour, and then permitted to 
cool in the air. Finally^ the product was washed 
20 with water saturated mxh H2S. 

The resultant phosphor luminesced green, 
with a moderate green afterglow, on radiation 
with ultraviolet light of wavelength 3650 A. 
The inherent high reflectivity of the product 
25 increased the intensity of the jSuorescence 
beyond that which is obsenred with ordinary 
luminescent zinc sulfide. 

When other activators are substituted for 
the copper salt indicated above other lumin- 
30 escent characteristics may be obtained. Hence, 
the use of a manganese salt activator results 
m the production of an orange luminescent 
product, and a silver salt activator, for 
example, imparts blue luminescence to the 
35 pigment. 

Example 14 
White Pearl Pigment on Glass Flakes 
The Example 1 procedure -was repeated, 
except that the quantity of water was doubled 
40. and the 48 parts of mica were replaced by 
290 parts of gjass flakes with an average 



thiclmess of 1 to 2 microns. The coating 
refieaed white light. 

The produa was first dried at 110° 
and then heat treated as in Example 2. 45 

Example 15 
White Reflective Elements on Glass 
Spheres 

The procedure of Example 1 was followed, 
except that the quantrty of water was trebled 50 
and the mica flakes replaced by 580 parts 
of glass spheres with an average diameter 
of 30 microns and an index of refraction 
of approximately 1.5. 

On incorporation in a clear paint vehicle, 55 
the glass spheres displayed greatly increased 
reflectivity as compared with the nncoated 
glass spheres. 

Example 1'6 
White Reflective Elements on Polystyrene 60 
Beads 

Example 1 was repeated, except that the 
quantity of water was doubled and- the micra 
replaced by 390 parts of polystyrene beads 
averaging 1 mm in diameter. The suiface 65 
of the polystyrene beads was slightly rough- 
ened by a 2-minute immersion in a solution 
consisting of 6% KaCtaO',, 74% HzSQ^ and 
20% H2O. The coated spheres reflected 
white light. 70 



1,116,257 



9 



Example 17 
Pigment of SnSj Coated on Mica Flakes 
Stannic chloride pentahydiate "(31.9 parts) 
and thioacetamide (14 parts) were dissolved 
5 in 800 parts of ^vate^. To the solution were 
added 4*8 parts of mica flakes. The suspen- 
sion had a pH value of approximately 0.5. 

The reaction mixture was heated to boiling 
with agitation, and refluxed for two hours. 
10 The stannic sulfide-coated mica was filtered, 
washed with water, and dried at 110° C. 
to produce a. lustrous golden product. 

Microscopic examination by refleaed light 
revealed a smooth and uniform stannic sulfide 
1^ coating on the mica flakes. 

Example IS 
SnSo-Coated Mica Pigment with Ked 
R^ection Color 
The procedure of Example 17 was fol- 
20 lowed, except that the quantity of mica 
flakes was reduced to 24 parts. After drying 
at 100° C. and incorporating in a nitro- 
cellulose film, the 'SnS2-coated mica flakes 
were seen to produce a red color when 
25 examined by specular reflection and a yellow 
color when seen at other angles. 

Example 19 
Reflective Element from SnS^-Coated 
Glass Spheres 
30 The procedure of Example 17 was fol- 
lowed, except that the quantity of water was 
trebled and the mica flakes replaced by 580 
parts of glass spheres with an average 
diameter of 30 microns and an index of 
35 refraction of approximately 1.5. 

Incorporation in a clear paint vehicle pro- 
" duced a yeJiow coating material of very high 
refleaivity. 

Example 20 

40 Pigment of CdS-Coated. Mica 

Cadmium chloride (33.3 parts) and thio- 
acetamide (14 parts) were dissolved in 800 
parts of water. To the solution were added 
48 parts of mica flakes. The suspension was 

45 brought to pH 3.0 with hydrochloric acid. 

The reaction mixture was thereafter heated 
to boiling with agitation, and refluxed for 
90 minutes, after whidi the cadmium sulfide- 
coated mica was filtered, washed with water, 

50 and dried at 110^ C, to produce a lustrous 
golden pearl product. 

Microscopic examination by reflected light 
revealed a smooth and uniform cadmium 
sulfide coating on the mica flakes. 

55 The foregoing examples describe specffic 
procedures for the preparation of the sulfide- 
coated reflective elements hereof. Compar- 
able coatings may be obtained under a wide 
vari«y of conditions. Hence, the composi- 

60 tions of the coating media, the temperature 
and duration of the heating of such media, 
and the time and duration of the preferred 
heat-treatment of the separated elements, may 



each be widely varied The present invention 
may also be effected by use of a sequence 65 
or series of steps for building up a thick 
film comprising a pltirality of zinc sulfide 
layers, rather than the procedure described 
for formin g a single thickness layer. 

WHAT WE CLAIM IS:— 70 

1. A particulate reflective element com- 
prising individual particles having maximum 
dimensions up to, 10 millimeters and having 
high reflectivity and a nacreous lustre, 
wherein each particle includes a substrate 75 
which is constituted of mica, glass, plastic, 

or a lacquer- or resin-coated substance, said 
substrate having deposited thereon at least 
one layer of a water-insoluble metal sulfide, 
said layer having an optical thickness Nd 80 
from 40 to 1,000 millimicrons, wherein 
is ^the index of refraction of said layer and 
"d"^ is the thickness thereof, and said particles 
having maximum dimensions up to 10 mm. 

2. The element according to claim 1, 85 
wherein said water-insoluble metal sulfide is 
zinc sulfide. 

3. A nacreous pigment constituted of par- 
ticulate platelets having maximum dimen- 
sions of from 3 to 100 microns and sub- 90 
Etantially smooth surfaces, each of said plate- 
lets induding a mica substrate and a pair 

of high refractive index layers formal on 
the opposite faces of said substrate consti- 
tuted of a water-insoliible metal sulfide;, said 95 
layers having substantially uniform optical 
thicknesses Nd off from 40 to 1,000 milli- 
microns, wherein '"N" is the index of refrac- 
tion of the layer and "d" is the thickness 
thereol loo 

4. A nacreous pigment according to claim 
3, in which the mica substrates are mica 
platelets of a size passing through a screen 
of Ifrom rSO to 400 openings per lineal inch 

and of a surface area of from 2 to 6 square 105 
meters per gram as determined by the B.E.T. 
method. 

5. A nacreous pigment according to claim 
3 or 4, wherein each of said mica platelets 

is of a size passing through a screen of from 110 
200 to 400 openings per lineal inch. 

6. A nacreous pigment according to claim 
3, 4 or 5, wherein the water-insoluble metal 
sulfide is zinc sulfide. 

7. A nacreous pigment according to daim 115 
6, for producing color by light interference 
phenomena, in which each lof the high 
refractive index layers on each of said mica 
substrates has a substantially uniform thick- 
ness of from 200 to 650 millimicrons. 120 

8. A nacreous pigment according to any 
one of ciaims 3 .to 7, in whidi each of the 
high refractive index layers on each of said 
mica substrates is luminescent. 

9. A process for preparing a particulate 125 
reflective element comprising individual par- 
ticles having maximum dimensions up to 10 
millimeters, which comprises: 
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(a) suspending smoodi, plate-lilce suppoit- 
ing substrates for said particles in an aqueous 
solution containing (1) a ^vater-soluble salt 
of a metal having a* water-insoli^le sulfide 

5 and (2) an organic sulfur-ccntaining com- 
pound -wfaidi Teleases sulfide ions in aquoeus 
media, in an aqueous dispersion, said sub- 
strates being constituted of mica, glass, 
plastic or a lacquer- or resin-coated sub- 

10 stance; 

^) heating the resulting reaction mixture 
at temperatures of from 60^C. to the boil- 
ing pK)inr of the mixture for a period of from 
1/4 to 5 hours, with agitation, to produce a 

15 siilfide coating on said substrate parddes 
while maintaining the same in suspension; 

(c) separating the reflective particles 
thereby produced from said suspension; 

(d) drying said particles to produce a 
20 light stable, reflective material. 

10. - A process according to claim 9, wherein 
tiie dry particulate reflective materials are 
heated at temperatures of from 200° to 
l,00O^C. for periods of from 1 to 4 hours to 

25 increase their light stability. 

11. A process according to claim .9 or 10, 
in which said organic sulfur-containing com- 
pound is constituted of thioacetmide, thiourea, 
tfaioglycoliic add, thioacedc add, thiofoim- 



amide or thiosalicylic acid, said water-soluble 30 
metal salt being a zinc salt which produces 
zinc sulfide in said aqueous dispersion. 

12. Tlie process according to daim 9, 10 . 
or 11, wherein the water-soluble salt is a 
water-soluble zinc salt in an amount of (from 35 
0.25 to 7.5l% of lie solution.- 

13. The process according to daim 9, 10^ 
11 or 12, wherein the subitrate is a mica 
substrate of a size passing through a screen 

of from 150 to 400 openings per lineal inch 40 
and of a surface area of from 2 to 6 square 
meters per gram as determined by the B..E.T. 
method. 

14. The process according to any one of 
claims 9 — 13i wherein the refiecdve dement .45 
has major dimensions of from 3 to 100 
microns. 

'15. A nacreous pigment substantially as 
hereinbefore described. 

16. A nacreous composition comprising a 50 
light-transmitting suppordng medium having 
as a nacre-prod^ing substance therein, the 
nacreous pigment according to any one of 
daims 3 to 8 or 15. 

For the Applicants, 
MATTHEWS, HADDAN & CO., 
Chartered Patent Agents, 
31— yz, Bedford Street, London, W.C.Z 
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